Perspective views of the structures of 5,11-BTBR (polymorph A, left), rubrene 23 (center), and 5,12-BTBR (similar to 5,11-BTBR B, right). For clarity, only one layer of molecules with respect to the paper plane is shown. a) View onto the a-b face: In rubrene and 5,12-BTBR (5,11-BTBR B), π-stacking between the molecules is established along a (short axis), whereas in 5,11-BTBR (A) the spacing between the backbones is twice as wide in the equivalent direction of b. b) View along a or b, respectively, illustrates the molecular layers. In the single crystal FETs the current flows along the layers in the a-b direction (in-plane), while in the TD-SCLC measurements the current flows in direction of c or c ⋆ , respectively, i.e. perpendicular to a,b.
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FIG. 2: Perspective views of the structures of 5,11-BTBR (polymorph A, left), rubrene 23 (center), and 5,12-BTBR (similar to 5,11-BTBR B, right). For clarity, only one layer of molecules with respect to the paper plane is shown. a) View onto the a-b face: In rubrene and 5,12-BTBR (5,11-BTBR B), π-stacking between the molecules is established along a (short axis), whereas in 5,11-BTBR (A) the spacing between the backbones is twice as wide in the equivalent direction of b. b) View along a or b, respectively, illustrates the molecular layers. In the single crystal FETs the current flows along the layers in the a-b direction (in-plane), while in the TD-SCLC measurements the current flows in direction of c or c ⋆ , respectively, i.e. perpendicular to a,b.
measurements have been performed on a representative device. The resulting values for the mobility are shown in Fig. 3 (lower panel). We note a small decrease of µ (from 5.7 cm 2 /Vs to ∼1.8 cm 2 /Vs) when cooling from room temperature to 160 K. Von and Vt also decrease from 8 V to 5 V and 4 V to 1.2 V, respectively. After warmingup to room temperature, the measured characteristics as well as the mobility are within 10 % of the original measurements. No change of the performance is observed after storing the device in inert atmosphere for one month.
In rubrene the distance between the positions of the C-atoms of two backbones is as short as 3.75Å (edge molecule to middle one), and 3.85Å (edge to edge molecule, zigzag along a). Taking the known structure of 5,12-BTBR as a model for the structure of 5,11-BTBR (B), we can expect in-plane backbone-backbone distances comparable to rubrene, i.e. 3.6Å to 3.9Å. As the relevant bandwidth in a crystal is determined by the details of the HOMO and LUMO wave functions, a detailed electronic structure calculation is needed to quantify small differences in band structure associated with variations in packing geometry (e.g. pentacene 30, 31 ).
The shortest backbone-backbone distance in 5,11-BTBR (A) is not shorter than 6.5Å, which is commonly expected to drastically reduce the π-π ⋆ overlap and thus the bandwidth. Consequently, we are not able to measure any field-effect mobility in 5,11-BTBR (A). Norton and Houk 32 have calculated that the twist of acenes (Anthracene-Heptacene) basically doesn't change the HOMO-LUMO energies, i.e. the energy gap is not affected. On the other hand, too large a twist will affect the aromaticity of the molecules, increasing the localization of charge on the molecule. Experimentally, a twist of 144 • has been observed in a pentacene derivative 33 .
C. Trap density-of-states measurements by TD-SCLC
In the previous section, the performance of 5,11-BTBR (B) devices in terms of high field-effect mobilities has been presented. Another important measure for the in- Single crystal structure refinement of 5,11-BTBR (A) and 5,12-BTBR EMAIL: goetz.schuck@psi.ch • WWW: http://b-net.de/schuck/rubrene 5,11-bis-(4-tert-butyl-phenyl)-6,12-diphenylnaphthacene (5,11-BTBR) is a derivate of rubrene with two polymorphs (A and B) where t-butyl sidegroups are added.
Crystal structures of two rubrene derivatives

P A U L S C H E R R E R I N S T I T U T
Charge mobility vs. intermolecular p-orbital overlap
5,11-BTBR Polymorph A has a structure drastically different from the packing of unsubstituted rubrene with enhanced backbone-backbone spacing between two molecules [2] . Remarkably, the naphthacene backbone of the molecules is significantly twisted in polymorph A, with a twist angle of 43° between the two opposite C-C bonds at both ends of the backbone. The resulting backbone-backbone distances are not shorter than 4.36 Å, which is commonly expected to drastically reduce the p-p * overlap.
In the case of 5,12-bis-(4-tert-butyl-phenyl)-6,11-diphenyl-naphthacene (5,12-BTBR) [3] , the inplane arrangement of the molecules is very similar to that of rubrene [4] , with even shorter distances between the naphthacene backbones (3.62 Å compared to 3.75 Å). However, the addition of the t-butyl groups increases the inter-layer spacing by 31%. Interestingly, it leaves the backbone almost perfectly planar.
Above: Perspective views of the structures of 5, left) [2] , rubrene at 293 K (center) [4], and 5, (similar to 5, right) . The structure of polymorph 5,11-BTBR (B) could not be solved so far, as the material seems to exclusively grow as ultrathin platelets. From measurements of the d-spacing perpendicular to the extended crystal surface [1], a structure closely related to the one found for a constitutional isomer, 5,12-bis-(4-tert-butyl-phenyl)-6,11-diphenyl-naphthacene was assumed for polymorph B. measurements have been performed on a representative device. The resulting values for the mobility are shown in Fig. 3 (lower panel) . We note a small decrease of µ (from 5.7 cm 2 /Vs to ∼1.8 cm 2 /Vs) when cooling from room temperature to 160 K. Von and Vt also decrease from 8 V to 5 V and 4 V to 1.2 V, respectively. After warmingup to room temperature, the measured characteristics as well as the mobility are within 10 % of the original measurements. No change of the performance is observed after storing the device in inert atmosphere for one month.
In rubrene the distance between the positions of the C-atoms of two backbones is as short as 3.75Å (edge in packing geometry (e.g. pentacene 30, 31 ).
The shortest backbone-backbone distance in 5,11-BTBR (A) is not shorter than 6.5Å, which is commonly expected to drastically reduce the π-π ⋆ overlap and thus the bandwidth. Consequently, we are not able to measure any field-effect mobility in 5,11-BTBR (A). Norton and Houk 32 have calculated that the twist of acenes (Anthracene-Heptacene) basically doesn't change the HOMO-LUMO energies, i.e. the energy gap is not affected. On the other hand, too large a twist will affect the aromaticity of the molecules, increasing the localization of charge on the molecule. Experimentally, a twist of 144 • has been observed in a pentacene derivative 33 . , left) , rubrene at 293 K (center) [4], and 5, right) . Right: charge mobility [1] vs. shortest intermolecular p-orbital overlap [2, 3, 4] ; the shortest intermolecular p-orbital overlap of 5, is represented by 
